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There is a need to more thoroughly characterize the hostile space shuttle
main engine (SSME) turbopump environment. It has been estimated that comPonent
surface heat flux in the hot-gas environment is about I0 MW/m2, and this is
about 50 times that encountered in aircraft engines. Also, material tempera-
ture transients can be as high as I000 K in about l second, l"hese transients
can cause durability problems such as material cracking. Heat flux sensors
placed in the turbopump components can partially characterize this environment
by measuring surface heat flux. lhese heat flux data can be used to verify
analytical-stress, boundary-layer, and heat transfer design models.

Preliminary plans were discussed at the first SSML durability conference

for designing and fabricating a new facility for the calibration and durability

testing of prototype heat flux sensors for the SSME (ref. I). lhls facility
is necessary for assessment of new heat flux gauge concepts needed in the hos-

tile SSME turbopump environment.

CALIBRAIION FACIIIIY

Figure 1 is a photograph of the calibration facility. A I00 kW Vortek

arc-lamp and Anorad hlgh-speed positioning system are shown positioned in the
test cell. A Hewlett-Packard 900-236 minicomputer is located in a control room

behind the control room window shown in figure I. lhe interrelation of call

bration facility components is schematically presented in figure 2. lhe mini

computer is used to control a microcomputer built into the arc-lamp power

module. The same minicomputer also controls a microcomputer located in the

positioning system apparatus. Prototype heat flux sensors are placed at

desired positions in the arc-lamp beam. Thermocouples attached to the beat

flux sensor produce voltages which are scanned and read in a multiprogrammer

and then stored in the computer. Calculation of heat flux is then performed

using the stored voltages after they have been converted to temperature

readings.

ARC-LAMP ACCEPIANCE IESIS

lhe Vortek arc-lamp system design is described in reference I. Figure 3

presents a comparison of heat flux measurements made in the Lewis facility and

previously on an identically designed arc.lamp located in the Vortek facility.

(Although the Lewis facility was not completed at this time, there were suffi
cient apparatuses available to make the test.) lhe same water cooled heat flux

sensor was used to perform both measurements, lhe agreement of heat flux data

obtained with the two lamps (fig. 3) is satisfactory and demonstrates an abil

Ity to repeat the heat flux within experimental error. Heat flux measurements

and calibrations in the Lewis facility will also be compared with calibrations
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o f  r a d i a n t  hea t  f l u x  sources a t  Case Western Reserve U n i v e r s i t y  and P r a t t  and 
Whitney. 
U n i v e r s i t y  t o  develop a c r e d i b l e  b a s i s  f o r  hea t  f l u x  c a l i b r a t i o n  a t  h i g h  heat  
f l u x  loads .  

The comparisons a r e  p a r t  o f  a g r a n t  w i t h  Case Western Reserve 

TRANSIENT HEAT FLUX MEASUREMENT AND ACCURACY 

I t  i s  n o t  f e a s i b l e  t o  use commercial water -coo led  hea t  f l u x  gauges on SSME 
t u r b i n e  su r faces  because these gauges a r e  t o o  b i g  and water  c o o l i n g  i s  n o t  
p r a c t i c a l .  Therefore,  hea t  f l u x  gauge des ign  must be r e i n v e s t i g a t e d  w i t h  pa r -  
t i c u l a r  emphasis g iven  t o  m i n i m a l l y  i n t r u s i v e  i n s t r u m e n t a t i o n  - p o s s i b l y  t h i n -  
f i l m  o r  m i n i a t u r e  p l u g - t y p e  sensors.  To a i d  i n  des ign ,  a t r a n s i e n t  hea t  f l u x  
p r e d i c t i o n  model f o r  hea t  f l o w  w i t h  v a r i a b l e  thermal  p r o p e r t i e s  has been ana- 
l y t i c a l l y  an& exper imen ta l l y  developed. The model c h a r a c t e r i s t i c s  were s t u d i e d  
u s i n g  t r a n s i e n t  temperature da ta  taken w i t h  hea t  f l u x  gauges des igned a t  Lewis 
Research e n t e r  f o r  f l u x  measurement i n  r o c k e t  engines i n  1960 ( r e f .  2 ) .  Th i s  
s tudy  i s  g u i d i n g  the des ign  o f  hea t  f l u x  gauges f o r  SSME and suggests t h a t  SSME 
hea t  f l u x e s  can be measured w i t h  an accuracy o f  about  tl t o  20 pe rcen t .  
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F i g u r e  1. - View o f  c a l i b r a t i o n  f a c i l i t y ,  
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Figure 2. - Interrelation of calibration
facility components.
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Figure 3. Comparison of heat flux measuremerlt'_
on manufacturer's lamp and I_ew_s lamp.
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